ABSTRACT: A population of Mytilus edulis is described whlch is numerically dominated by young ( < 2 yr old) individuals. Growth within this population is indeterminate, i.e. no maximum shell length is attained throughout the realized life span. Predation pressure, principally by Carcinus maenas and Asterias vulgaris, results in a population mortality rate of 42 % in a 6 mo period and also probably prevents growth from being determinate. The partitioning of organic matter between shell and body growth is discussed in connection with the cycling of energy within the ecosystem of the rocky intertidal zone.
INTRODUCTION
The blue or common mussel Mytilus edulis is an important member of the communities which typify exposed rocky shores (Suchanek 1978) . M. edulis usually dominates the mid-littoral zone, especially where wave action is highest and slope is steep (Stephenson & Stephenson 1949) . However, in the Bay of Fundy (Canada), and particularly the Quoddy Region, the mid-littoral zone is dominated by fucoid algae, principally the knotted wrack Ascophyllum nodosum, irrespective of wave action (Thomas et al. 1983) . As a consequence, both the size and distribution of M. edulis within the Bay are restricted. Nevertheless, population densities are still high and contribute significantly to the total biomass and secondary production of the area.
Previous work on the mussel within the Bay (Mossop 1922 , Newcornbe 1935 ) concentrated on growth rate determinations. Consequently, little is known about the partitioning of energy between shell and tissue growth. Although the organic matter content of shell may be small, the total amount of organic matter invested in such non-living matter may be great by virtue of the considerable weight of shell within a ' Present address: Department of Genetics, University College of Swansea, Singleton Park, Swansea SA2 8PP, United Kingdom @ Inter-Research/Printed in F. R. Germany mussel population (Dare 1976 ). As such, the shell may represent a substantial percentage of the annual production of a mussel population (Kuenzler 1961 , Paterson 1982 . It is important to understand how energy is partitioned between shell and tissue growth because this not only affects the physiological state of the mussel (energy for shell growth is obviously unavailable for routine metabolism, gametogenesis, etc.) but it also affects the general cycling of energy within the ecosystem as a whole. The rates of incorporation of radioactively labelled C and N into various soft tissues vary according to both season and tissue type, whilst the relative incorporation rates into shell are similar, regardless of season, but greatest in absolute terms during the summer . This timing of maximal C and N incorporation into the shell is coincident with the timing of maximum food availability and is related to the ingestion of inorganic silt, but not necessarily organic particles such as algal cells (Winter 1976) . The cumulative effect of seasonal variation in both exogenous factors (e.g. organic and inorganic particle concentrations) and endogenous factors (e.g. absorption rate and maintenance requirements) thus plays a critical role in determining not only the time-averaged optimization of energy directed to the production of organic matter as shell or tissue . but also to the cycling of energy within the rocky intertidal habitat. Energy directed towards body tissue growth is immedi-ately available as food to predators, whereas that directed towards shell growth will only become available to other trophic levels after a considerably longer period.
This study was undertaken to estimate the growth of an intertidal population of Mytilus edulis, to examine the partitioning of organic matter between tissue and shell growth and to assess the potential for the transfer of this growth, as food, to the cycling of energy within the ecosystem of the rocky intertidal region.
MATERIALS AND METHODS
The study area was situated at Welchs Cove, in the Bay of Fundy, Canada, approximately 50 km SW of Saint John and within the Quoddy Region of the Bay.
The Mytilus edulis population studied was located 0.15 m above mean low water of spring tides. The study period extended from mid-July to mid-December 1985. This encompassed the main period of population change, since spat settlement is well advanced by July (Battle 1932 ) and growth normally ceases by December (Newcombe 1935) .
Samples of the mussels were collected by random 0.01 m2 quadrat sampling on 19 Jul (n = 2156 mussels collected) and 10 Dec (n = 1248), 1985. During each sampling period five 0.01 m2 quadrats of mussels were collected, care being taken to remove every mussel within each quadrat. Upon return to the laboratory each mussel was cleaned and measured for shell length (the maximum distance between umbo and ventral margin) using vernier calipers accurate to 0.1 mm (f 0.05) to estimate the length-frequency distribution. Cohort position was estimated by use of the Harding method (1949). Body tissue was dissected from the valves and both body tissue and shell were dried for 24 h at 90°C in a forced air oven, then weighed to determine dry body weight and dry shell weight. Body ash, body organic matter (BOM; = ash free body tissue), shell ash and shell organic matter (SOM) contents were determined by heating the dry body and shell in a muffle oven for 24 h at 450°C. At this temperature there is no loss of CO2 from the CaC03 of the shell, a common source of error in SOM determinations ( J~r g e n s e n 1976). Weights were measured to the nearest 0.1 mg. A microbomb calorimeter (Philhpson 1964) was used to estimate the calorific value per gram of ash free dry body tissue, to allow subsequent estimation and comparison of the calonfic value of tissue and shell production, and the partitioning of energy between tissue and shell growth.
RESULTS
At the hme of sampling in July, the population was composed of 4 age classes with cohort peaks occumng at 3, 14, 10 and 17 mm. The population was numerically dominated by young inaviduals, the newly settled spat (0+ cohort) and the survivors of the previous years' settlement ( I t ) cohort constituting 88 % of the Table 2 shows the mean increase in shell length of the population for the 5 mo period, the difference in mean shell lengths being statistically significant (p < 0.001).
A plot of the average ontogenetic growth curve (Cerrato 1980) calculated from the mean shell lengths of both the July and December cohorts is shown in Fig. 3 . The line itself is not a true sigmoid curve as there is no decrease in growth rate with age. This is confirmed by regression analysis for the final 6 points of the data which indicates an almost completely linear relation between shell length and age, for both logarithmically transformed and untransformed data. The regression equations are: age (yr) = -1.082 + 0.148 shell length (mm) (n = 6, r = 0.995, p < 0.001) and log, age (yr) = -4.135 + 1.579 log, shell length (mm) (n = 6, r = 0.993, p < 0.001).
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Thus, growth at this site is indeterminate, continuing throughout the entire life span. Table 3 shows the losses by cohort and for the population as a whole. Losses are inversely proportional to (Fig. 1) . By December all 4 cohorts had suffered considerable reduction in numbers (Fig. 2) , the J July December Cohort Cohort Cohort cohorts cohorts mortality mortality mortality (no. of ind as % of July as % of July m-') cohort density population density most notable reduction (54 %) being that of the new recruits to the population. However, despite this reduction the numerical dominance of the population by age. It was not possible to differentiate in the field between mortality and emigration, but within a mussel bed, immigration and emigration are usually considered to be equal. Estimates of the mortality and survival rates of the population at the times of sampling can be obtained according to Ricker (1975) . The calculated mortality and survival rates for July are 0.7776 and 0.2224 respectively; for December the corresponding values 
0
( Table 2 ). The most significant change is the increase of Calculation of the secondary production and P : B ratio of this population for the period July to December 1985, using the method of Crisp (1971) , gives values of 2.901 g dry weight m-2 d-' and 0.716 respectively.
DISCUSSION
The annual rates of cohort growth obtained in this study (Fig. 3) are less than those estimated by Mossop (1922) for Mytilus edulis within the Quoddy. This might be explained by the great variability in growth exhibited by molluscan populations, not only between sites but also withn sites and within similar age classes (Wilbur & Yonge 1964 , Seed 1969 , 1973 , Bayne 1976 , Dare 1976 ). Mossop (1922) noted that mean annual growth increments decreased with increasing age, suggesting that growth was determinate in the population that she studied. Seed (1980) points out that growth in many bivalve populations may not be determinate, at least over their realized life span. Growth is likely to be indeterminate in the Welchs Cove mussel population because of the high level of predation typically associated with a low shore position (Seed 1969) . Hence individuals of this population do not s u~v e long enough to display determinate growth. The 2 major predators of Mytilus edulis at the study site are the shore crab Carcinus maenas and the starfish Asterias vulgaris, both of which are very abundant. Elsewhere, both these species have been shown to be responsible for considerable mussel mortality (Newcombe 1935 , Reynolds 1969 , Dare 1976 .
The organic matter content of shell rarely exceeds 10 % by weight in molluscan species (Wilbur & Saleuddin 1983) . In July at Welchs Cove, the SOM content of the shell material was 17 % and by December this value had decreased to 6.4 O/O. When compared with other SOM estimates, e.g. 8 % for Mytilus californianus (Fox & Coe 1943) , 11 and 5.5 % for the ribbed mussel Geukensia demissus (Kuenzler 1961 , Jsrgensen 1976 and 3 % for M. edulis (Thompson 1984) , the SOM content of M. edulis within the Quoddy is high.
The energetics of shell formation are poorly known (Wilbur & Saleuddin 1983) , but it has been previously assumed that approximately 30 % of the total energy of growth (including respiration) is required for shell deposition (Jsrgensen 1976) . Organic matter invested in shell production by Mytilus edulis within the Quoddy is considerable, amounting to 50.7 % of the total organic matter of growth in July and 42.3 % in December, compared to 35 % for both the ribbed mussel Aulacomya ater (Griffiths & King 1979 ) and 3 species of freshwater bivalve (Paterson 1982) . However, such estimates are conservative because these values do not take into account the energy necessary for active ion transport, metabolic steps in the synthesis of SOM or the secretion of organic compounds by the mantle epithelium (Wilbur & Saleuddin 1983) .
The estimates of the calorific value of the organic matter of both body and shell material at Welchs Cove are based upon a value of 4.95 kcal g-' ash free body tissue, which agrees well with other such estimates which range from 4.74 to 6.42 kcal g-' ash free body weight (Winberg 1971 , Milne & Dunnet 1972 , Dare & Edwards 1975 . The estimates of 2432 and 2417 kcal m-' of total organic matter for July and December respectively (Table 4 ), show that the calorific value of matter available both to predators and the decomposer chain is high, and that it is comparatively constant within the period of study.
